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Abstract
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Use of fish processing waste as protein source in diet for Nile tilapia
(Orechromis niloticus)
Songklanakarin J. Sci. Technol., 2005, 27(Suppl. 1) : 141-149
Five diets were prepared using fish processing waste meal (FMFP) to replace fish meal (FM) at inclu-
sion levels of 0, 25, 50, 75 and 100%. Frog diet was used as a control diet. Nile tilapia (Oreochromis niloticus)
were reared in laboratory conditions for 8 weeks. It was found that substitution levels of protein from FMFP
in the tested diets reduced growth and feed efficiency of tilapia (p<0.05). However, the differences looks like
significant trend especially that between the 100% substitution level and the frog diet. Substitution of FM by
FMFD at 75% reduced cost of feed by 15.35%. It was concluded that up to 75% inclusion of FMFD in the diet
of tilapia could support normal growth of Nile tilapia with the potential for substitution of FM.
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‡ªìπª≈“πÈ”®◊¥∑’Ë¡’√ ™“µ‘¥’ ª√–™“™π à«π„À≠àπ‘¬¡∫√‘‚¿§
¥â«¬‡Àµÿπ’È‡°…µ√°√®÷ßπ‘¬¡‡≈’È¬ß°—πÕ¬à“ß·æ√àÀ≈“¬∑—Èß‡ªìπ
Õ“™’æÀ≈—°·≈–‡ √‘¡√“¬‰¥â µâπ∑ÿπ°“√‡≈’È¬ßª≈“π‘≈¡“°°«à“
60% ¢Õßµâπ∑ÿπ  ∑—ÈßÀ¡¥¡“®“°§à“Õ“À“√ (æ√√≥»√’ ·≈–
Õ¿‘√—µπ“, 2528 æ‘π‘® ·≈–§≥–, 2543)  ´÷Ëß„πªí®®ÿ∫—π
√“§“Õ“À“√ ”‡√Á®√Ÿª ”À√—∫ª≈“π‘≈¡’√“§“·æß    ∑—Èßπ’È
‡π◊ËÕß®“°ª≈“ªÉπ´÷Ëß‡ªìπ·À≈àß‚ª√µ’πÀ≈—°„πÕ“À“√¡’√“§“
 Ÿß¢÷Èπ (FAO, 1994) ¡’√“¬ß“π°“√»÷°…“«‘®—¬¿“¬„πª√–‡∑»
‡°’Ë¬«°—∫°“√π”«—µ∂ÿ¥‘∫µà“ßÊ  ∑’ËÀ“‰¥âßà“¬„π∑âÕß∂‘Ëπ  ∑—Èß∑’Ë
‡ªìπº≈º≈‘µæ≈Õ¬‰¥â (by product) ®“°°“√‡°…µ√·≈–
Õÿµ “À°√√¡µà“ßÊ ¡“„™â‡ªìπ·À≈àß‚ª√µ’π„πÕ“À“√ª≈“π‘≈
‡™àπ  °“√„™â∂—Ë«‡À≈◊Õß·∑πª≈“ªÉπ„πÕ“À“√ª≈“π‘≈ (¡–≈‘
·≈– «‘®‘µ√“, 2530)  °“√„™â¥—°·¥â‰À¡∑¥·∑πª≈“ªÉπ„π
Õ“À“√ª≈“π‘≈  (∏√“æ—π∏å, 2540) °“√»÷°…“√–¥—∫°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡   πÈ”¡—πµàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“π‘≈
(π‘√ÿ∑∏‘Ï, 2544 «ÿ≤‘æ√ ·≈–§≥–, 2547) °“√„™â‡π◊ÈÕÀÕ¬
‡™Õ√’Ë∫¥·Àâß∑¥·∑πª≈“ªÉπ (®ÿ±“¡“» ·≈–§≥–, 2545)
‡ªìπµâπ ´÷Ëß “¡“√∂„™â¢âÕ¡Ÿ≈®“°ß“π«‘®—¬‡À≈à“π’È‡ªìπ·π«∑“ß
„π°“√º≈‘µÕ“À“√ª≈“π‘≈µâπ∑ÿπµË” ‡æ◊ËÕ‡æ‘Ë¡°”‰√„π°“√º≈‘µ
ª≈“π‘≈¢Õß‡°…µ√°√„Àâ¡“°¢÷Èπ
„π°√–∫«π°“√·ª√√ŸªÕ“À“√∑–‡≈®–¡’¢Õß‡À≈◊Õ„™â
®“°°“√º≈‘µ ‡™àπ À—«ª≈“ ‡§√◊ËÕß„πª≈“ ‡»…‡π◊ÈÕª≈“ ∑’Ë
 “¡“√∂π”¡“„™â‡ªìπ«—µ∂ÿ¥‘∫„πÕ“À“√ —µ«åπÈ”‰¥â  ´÷Ëß¡’
√“¬ß“π°“√»÷°…“π”¢Õß‡À≈◊Õ®“°°√–∫«π°“√º≈‘µÕ“À“√
∑–‡≈‡À≈à“π’È‰ªº≈‘µ‡ªìπ‰´‡≈ ª≈“ (fish silage) °àÕπ„™â
‡ªìπ·À≈àß‚ª√µ’π„πÕ“À“√ª≈“‡√π‚∫«å‡∑√“ (Hardy et al.,
1984) ª≈“·Õ∑·≈πµ‘°·´≈¡Õπ (Atlantic salmon)
(Espe et al., 1999) Li ·≈–§≥– (2004) √“¬ß“π«à“
 “¡“√∂„™âÀ—«ª≈“·´≈¡Õπ·¥ß (red salmon) ´÷Ëß‡ªìπ
¢Õß‡À≈◊Õ®“°°“√·ª√√Ÿª ‚¥¬π”¡“Õ∫·Àâß·≈–∫¥≈–‡Õ’¬¥
‡ªìπ·À≈àß‚ª√µ’π„πÕ“À“√¢Õßª≈“®«¥   (red  drum,
Sciaenops ocellatus) √à«¡°—∫ª≈“ªÉπ§ÿ≥¿“æ¥’‰¥â
„π∑âÕß∂‘Ëπ¿“§„µâ¢Õßª√–‡∑»‰∑¬¡’‚√ßß“π
Õÿµ “À°√√¡·ª√√ŸªÕ“À“√∑–‡≈®”π«π¡“° ‰¥â·°à ‚√ßß“π
ª≈“·™à‡¬◊Õ°·¢Áß ‚√ßß“πª≈“°√–ªÜÕß ‡ªìπµâπ  À≈—ß®“°
‡ √Á® ‘Èπ°√–∫«π°“√º≈‘µ·≈â«®–¡’¢Õß‡À≈◊Õ„™â®“°°“√
º≈‘µ®”π«π¡“° «√√≥“ ·≈–§≥– (2543) √“¬ß“π«à“ °“√
º≈‘µª≈“·™à‡¬◊Õ°·¢Áß„πªï 2541 ®“°µ—«‡≈¢ª√–¡“≥°“√
æ∫«à“ ‡»…‡π◊ÈÕª≈“∑’Ë‡ªìπ¢Õß‡À≈◊Õ„™â¡’ª√–¡“≥ 3% ¢Õß
πÈ”Àπ—°«—µ∂ÿ¥‘∫ À√◊Õ§‘¥‡ªìπ 4,983 µ—π ´÷Ëßπ—∫«à“¡’ª√‘¡“≥
¡“°  ‚¥¬∑—Ë«‰ª‚√ßß“πº≈‘µª≈“ªÉπ®–√—∫´◊ÈÕ‡»…‡π◊ÈÕª≈“
®“°‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈‡À≈à“π’È‡æ◊ËÕπ”‰ªº≈‘µ‡ªìπ
ª≈“ªÉπ ª≈“ªÉπ∑’Ëº≈‘µ‰¥â®“°«—µ∂ÿ¥‘∫π’È¡’√–¥—∫‚ª√µ’πÕ¬Ÿà„π
™à«ß 52-58% ¢ÕßπÈ”Àπ—°  (®ŸÕ–¥’·≈–¡–≈‘, 2539)  ”À√—∫
‡»…‡π◊ÈÕª≈“∑Ÿπà“´÷Ëß‡ªìπº≈æ≈Õ¬‰¥â®“°°“√º≈‘µª≈“°√–ªÜÕß
∫∑§—¥¬àÕ
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∑¥≈Õß‡≈’È¬ßª≈“π‘≈πÈ”Àπ—°‡©≈’Ë¬‡√‘Ë¡µâπ 1.07±0.02 °√—¡ ¥â«¬Õ“À“√ 6  Ÿµ√ ∑’Ë¡’‡»…ª≈“®“°°“√·ª√√Ÿª
Õ“À“√°√–ªÜÕß‡ªìπ·À≈àß‚ª√µ’π∑¥·∑π‚ª√µ’π®“°ª≈“ªÉπ 0, 25, 50, 75 ·≈– 100% ¢Õß√–¥—∫‚ª√µ’π®“°ª≈“ªÉπ
·≈–Õ“À“√ ”‡√Á®√Ÿª ”À√—∫°∫ ‡ªìπ√–¬–‡«≈“ 8  —ª¥“Àå æ∫«à“ °“√„™â‡»…ª≈“®“°°“√·ª√√ŸªÕ“À“√°√–ªÜÕß
∑¥·∑π‚ª√µ’π®“°ª≈“ªÉπ„π√–¥—∫µà“ßÊ  àßº≈„Àâ°“√‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√¢Õßª≈“π‘≈≈¥≈ß
·µà§«“¡·µ°µà“ß‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘ πÕ°®“°∑’Ë√–¥—∫∑¥·∑π 100% ‡™àπ‡¥’¬«°—∫‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫Õ“À“√
 ”‡√Á®√Ÿª ”À√—∫°∫ ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫µâπ∑ÿπ°“√º≈‘µÕ“À“√ æ∫«à“ °“√„™â‡»…ª≈“∑¥·∑πª≈“ªÉπ 75% ¢Õß
√–¥—∫‚ª√µ’π®“°ª≈“ªÉπ  “¡“√∂≈¥µâπ∑ÿπ§à“«—µ∂ÿ¥‘∫‰¥â∂÷ß°‘‚≈°√—¡≈– 3.49 ∫“∑ À√◊Õ 15.35% ¢ÕßÕ“À“√∑’Ë„™âª≈“ªÉπ
‡ªìπ·À≈àß‚ª√µ’π‡æ’¬ßÕ¬à“ß‡¥’¬« °“√»÷°…“„π§√—Èßπ’È √ÿª‰¥â«à“ ‚ª√µ’π®“°‡»…ª≈“®“°°“√·ª√√ŸªÕ“À“√°√–ªÜÕß
 “¡“√∂„™â∑¥·∑π‚ª√µ’π®“°ª≈“ªÉπ‰¥â‰¡à‡°‘π 75%«.  ß¢≈“π§√‘π∑√å «∑∑.
ªï∑’Ë 27 (©∫—∫æ‘‡»… 1) 2548 : «“√‘™»“ µ√å 143
°“√„™â‡»…ª≈“®“°°“√·ª√√Ÿª‡ªìπÕ“À“√ª≈“π‘≈
πæ«√√≥ ©‘È¡ —ß¢å ·≈– §≥–
π—Èπ‚√ßß“π·ª√√Ÿª®”Àπà“¬„π√“§“∂Ÿ°‡æ’¬ß°‘‚≈°√—¡≈– 3-
5  ∫“∑  °“√π”¡“„™â‡ªìπ·À≈àß‚ª√µ’π√à«¡°—∫ª≈“ªÉπ®–
™à«¬≈¥µâπ∑ÿπ§à“Õ“À“√≈ß‰¥â  °“√»÷°…“§√—Èßπ’È®÷ß‡ªìπ°“√
»÷°…“ª√‘¡“≥¢Õßª≈“ªÉπ∑’Ëº≈‘µ®“°‡»…‡π◊ÈÕª≈“∑Ÿπà“¡“„™â
‡ªìπ·À≈àß‚ª√µ’π∑¥·∑πª≈“ªÉπ∑’Ëº≈‘µ®“°‚√ßß“π„π
Õ“À“√ª≈“π‘≈  ‡æ◊ËÕ®–‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ë®–π”‡»…‡À≈◊Õ
„™â®“°‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈¡“„™â„Àâ‡°‘¥ª√–‚¬™πå ·≈–
‡ªìπ·π«∑“ß„π°“√º≈‘µÕ“À“√ª≈“π‘≈µâπ∑ÿπµË”¥â«¬
Õÿª°√≥å·≈–«‘∏’°“√
1. °“√‡µ√’¬¡Õÿª°√≥å°“√∑¥≈Õß
„™âµŸâ°√–®°¢π“¥ 75x40x41 ´¡. §«“¡®ÿπÈ” 123
≈‘µ√ ∑”§«“¡ –Õ“¥µ‘¥µ—ÈßÕÿª°√≥å„ÀâÕ“°“» ªî¥µŸâ°√–®°
¥â«¬æ≈“ µ‘° ’¥”∑÷∫ 3 ¥â“π ‡æ◊ËÕªÑÕß°—πª≈“∂Ÿ°√∫°«π
¢≥–∑”°“√∑¥≈Õß  π”πÈ”ª√–ª“∑’Ëæ—°‰«â„π∂—ßæ—°πÈ”·≈–
‡µ‘¡Õ“°“»‡ªìπ‡«≈“ 2 «—π ‡æ◊ËÕ°”®—¥§≈Õ√’π ‡µ‘¡„πµŸâ°√–®°
70 ≈‘µ√/µŸâ
2. °“√‡µ√’¬¡ —µ«å∑¥≈Õß
π”≈Ÿ°ª≈“π‘≈ æ—π∏ÿå®‘µ√≈¥“ 3 πÈ”Àπ—°‡©≈’Ë¬ 0.5 °√—¡
®”π«π 500 µ—« ®“°ø“√å¡¢Õß¡À“«‘∑¬“≈—¬«≈—¬≈—°…≥å
¡“Õπÿ∫“≈„π∂—ß‰ø‡∫Õ√å°≈“  ¢π“¥§«“¡®ÿ 1 µ—π ‡ªìπ‡«≈“
10 «—π ‡æ◊ËÕª√—∫ª≈“„Àâ§ÿâπ°—∫ ¿“æ¢Õß°“√∑¥≈Õß √–À«à“ß
Õπÿ∫“≈Ωñ°„Àâª≈“°‘πÕ“À“√‡¡Á¥®¡ ”‡√Á®√Ÿª∑’Ëº≈‘µ¢÷Èπ‡Õß
´÷Ëß¡’§ÿ≥§à“Õ“À“√„°≈â‡§’¬ß°—∫Õ“À“√∑¥≈Õß «—π≈– 2 §√—Èß
§◊Õ ‡«≈“ 7.00 π. ·≈– 17.00 π.  —ß‡°µæƒµ‘°√√¡°“√
¬Õ¡√—∫Õ“À“√  °àÕπ‡√‘Ë¡°“√∑¥≈Õßµ√«® Õ∫°“√µ‘¥‡™◊ÈÕ
·∫§∑’‡√’¬·≈–ª√ ‘µ¿“¬πÕ°  ≈Ÿ°ª≈“∑’Ë§—¥‡æ◊ËÕ„™â∑¥≈Õß
µâÕß¡’ ÿ¢¿“æ¥’  ‰¡à¡’‚√§„¥Ê  ∑”°“√§—¥ª≈“„ àµŸâ∑¥≈Õß
®”π«π 18 µ—«/µŸâ ª√—∫ ¿“æª≈“„Àâ§ÿâπ‡§¬°—∫ ¿“æ·«¥≈âÕ¡
¢ÕßµŸâ·≈–Õ“À“√∑¥≈Õß‡ªìπ‡«≈“ 7 «—π  ‚¥¬√–À«à“ßπ’È
Õ“À“√∑’Ë„Àâª≈“°‘π §◊Õ Õ“À“√ Ÿµ√∑’Ë 1 ´÷Ëß‡ªìπÕ“À“√ Ÿµ√
§«∫§ÿ¡  À≈—ß®“°ª≈“§ÿâπ‡§¬°—∫ ¿“æµŸâ·≈–Õ“À“√∑¥≈Õß
·≈â« ∑”°“√§—¥¢π“¥ª≈“ ®”π«π 15 µ—«/µŸâ §‘¥‡ªìπ§«“¡
Àπ“·πàπ 1 µ—«/πÈ” 4 ≈‘µ√ (π‘√ÿ∑∏‘Ï, 2544) ™—ËßπÈ”Àπ—°
ª≈“‡√‘Ë¡µâπ  ‚¥¬«‘∏’°“√·∑π∑’ËπÈ”
3. °“√‡µ√’¬¡ª≈“ªÉπ®“°‡»…ª≈“
π”‡»…ª≈“∑Ÿπà“®“°°“√·ª√√ŸªÕ“À“√°√–ªÜÕß¢Õß
‚√ßß“π«‘«Õπ Õ‘π‡µÕ√å‡∑√¥¥‘Èß ®”°—¥ Õ”‡¿Õ‡¡◊Õß ®—ßÀ«—¥
 ÿ√“…Æ√å∏“π’  ¡“º≈‘µ‡ªìπª≈“ªÉπ ‚¥¬π”¡“Õ∫·Àâß‚¥¬„™â
µŸâÕ∫≈¡√âÕπ (tray dryer)  Õ∫∑’ËÕÿ≥À¿Ÿ¡‘  60 
oC  ‡ªìπ
‡«≈“ 48 ™—Ë«‚¡ß  ∫¥‡»…ª≈“∑’ËÕ∫·Àâß·≈â«¥â«¬‡§√◊ËÕß∫¥
hammer mill  ∑”°“√√àÕπ‡æ◊ËÕ·¬°‡∂â“·≈– ÿà¡µ—«Õ¬à“ß
ª≈“ªÉπ®“°‡»…ª≈“·≈–«—µ∂ÿ¥‘∫Õ◊Ëπ∑’Ë®–„™â„π°“√º≈‘µÕ“À“√
‡æ◊ËÕ«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‚¿™π“°“√  («—µ∂ÿ·Àâß  ‚ª√µ’π
‰¢¡—π  ‡∂â“ ·≈–‡¬◊ËÕ„¬) ‚¥¬«‘∏’¡“µ√∞“π¢Õß AOAC (1990)
¥—ß· ¥ß„π Table 1
4. °“√º≈‘µÕ“À“√ª≈“π‘≈
Õ“À“√∑’Ë„™â„π°“√∑¥≈Õß¡’¥â«¬°—π∑—ÈßÀ¡¥ 6  Ÿµ√
‚¥¬Õ“À“√ Ÿµ√∑’Ë 1 ‡ªìπÕ“À“√ Ÿµ√§«∫§ÿ¡ „™âª≈“ªÉπ®“°
‚√ßß“πº≈‘µª≈“ªÉπ ‡ªìπ·À≈àß‚ª√µ’π  Ÿµ√∑’Ë 2-5 „™âª≈“
ªÉπ®“°‡»…ª≈“‡ªìπ·À≈àß‚ª√µ’π∑¥·∑πª≈“ªÉπ®“°‚√ßß“π
„π —¥ à«π∑’Ë‡æ‘Ë¡¢÷Èπ (Table 2)  à«πÕ“À“√ Ÿµ√∑’Ë 6 ‡ªìπ
Table 1. Proximate analysis of feed ingredients (% dry matter basis)1
Feed ingredient Dry matter Protein Lipid Ash Fiber
Fish meal  (FMFP)
(by product from fish processing) 97.47+0.14 78.05+1.04 6.52+0.13 6.53+0.36 -
Fish meal  (FM) 97.43+0.14 60.39+0.15 5.15+0.05 26.28+0.05 -
Rice bran 98.24+0.04 13.46+0.19 19.83+0.19 8.94+1.57 14.25+0.09
Soybean meal 97.22+0.03 37.46+0.73 19.85+0.29 5.81+0.04 7.50+0.06
Rice flour 97.31+0.06 7.04+0.09 0.38+0.13 0.35+0.04 10.62+0.10
1Mean+standard deviation of three replicationsSongklanakarin J. Sci. Technol.
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Õ“À“√‡¡Á¥ ”‡√Á®√Ÿª ”À√—∫°∫∑’Ë®”Àπà“¬„π∑âÕßµ≈“¥´÷Ëß
‡°…µ√°√π‘¬¡π”¡“„™â‡≈’È¬ß≈Ÿ°ª≈“π‘≈  ‚¥¬Õ“À“√∑¥≈Õß
¡’ à«πª√–°Õ∫¢Õß«—µ∂ÿ¥‘∫Õ“À“√Õ◊ËπÊ  ¥—ß· ¥ß„π Table
3  ¢—ÈπµÕπ°“√º≈‘µÕ“À“√∑¥≈Õß∑”‚¥¬º ¡«—µ∂ÿ¥‘∫Õ“À“√
(¬°‡«âπ·ªÑß¡—π) „Àâ‡¢â“°—π‚¥¬„™â‡§√◊ËÕßº ¡Õ“À“√ Hobart
‡¡◊ËÕ«—µ∂ÿ¥‘∫Õ“À“√‡¢â“°—π¥’·≈â« ‡µ‘¡·ªÑß¡—π∑’Ë≈–≈“¬πÈ” „π
 —¥ à«π ·ªÑß¡—π 30 °√—¡/πÈ” 500 ¡≈. ·≈–µâ¡„Àâ ÿ°®π
‡Àπ’¬« ‡æ◊ËÕ„™â‡ªìπ “√‡Àπ’¬«„πÕ“À“√ º ¡®π‡¢â“‡ªìπ
‡π◊ÈÕ‡¥’¬«°—π  Õ—¥‡¡Á¥Õ“À“√ºà“πÀπâ“·«àπ¢π“¥‡ âπºà“π
»Ÿπ¬å°≈“ß 2 ¡¡. Õ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 60 
oC  ‚¥¬„™âµŸâÕ∫
≈¡√âÕπ ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß   ®“°π—Èπ∫√√®ÿÕ“À“√·µà≈–
 Ÿµ√„π∂ÿß ’¥” ‡°Á∫„πµŸâ·™à 20 
oC ‡æ◊ËÕ√Õ°“√„™âß“π  ÿà¡‡°Á∫
Õ“À“√·µà≈– Ÿµ√‡æ◊ËÕ«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‚¿™π“°“√
‰¥â·°à «—µ∂ÿ·Àâß ‚ª√µ’π ‰¢¡—π ‡∂â“ ·≈–‡¬◊ËÕ„¬  ‚¥¬«‘∏’
¡“µ√∞“π¢Õß AOAC (1990) (Table 4)
5. °“√«“ß·ºπ°“√∑¥≈Õß
«“ß·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥  (completely
randomized  design;  CRD)  ·≈–‡ª√’¬∫‡∑’¬∫§«“¡
·µ°µà“ß§à“‡©≈’Ë¬‚¥¬„™â Duncan’s Multiple Range Test
¡’ 6 ™ÿ¥°“√∑¥≈Õß ™ÿ¥°“√∑¥≈Õß≈– 3 ´È” Õ“À“√ Ÿµ√∑’Ë
1-5 „™â‚ª√µ’π®“°ª≈“ªÉπ∑’Ëº≈‘µ®“°‡»…ª≈“ 5 √–¥—∫ §◊Õ
0, 25, 50, 75 ·≈– 100% ¢Õß‚ª√µ’π®“°ª≈“ªÉπ‚√ßß“π
·≈–Õ“À“√ Ÿµ√∑’Ë 6  ‡ªìπÕ“À“√‡¡Á¥ ”‡√Á®√Ÿª ”À√—∫°∫∑’Ë
«“ß®”Àπà“¬„π∑âÕßµ≈“¥ ´÷Ëß¡’§ÿ≥§à“∑“ßÕ“À“√√–∫ÿ‰«â¢â“ß
∂ÿß§◊Õ ‚ª√µ’π‰¡àµË”°«à“ 40% ‰¢¡—π‰¡àµË”°«à“ 3% §«“¡™◊Èπ
‰¡à¡“°°«à“ 12% ·≈–°“°‰¡à¡“°°«à“ 4% ®”π«πª≈“
‡√‘Ë¡µâπ 15 µ—«/µŸâ  ®”π«π∑—ÈßÀ¡¥ 18 µŸâ  „ÀâÕ“À“√∑¥≈Õß
·°àª≈“ 2 §√—Èß/«—π §◊Õ ‡«≈“ 07.00 π. ·≈– 17.00 π. ‚¥¬
„Àâª≈“°‘πÕ“À“√®πÕ‘Ë¡ √–¬–‡«≈“„π°“√∑¥≈Õß 8  —ª¥“Àå
™—ËßπÈ”Àπ—°√«¡¢Õßª≈“·µà≈–µŸâ∑ÿ° 2  —ª¥“Àå ·≈–π—∫®”π«π
ª≈“∑’Ë‡À≈◊Õ√Õ¥ µ√«®«—¥§ÿ≥¿“æπÈ”µ≈Õ¥°“√∑¥≈Õß ‰¥â·°à
Õÿ≥À¿Ÿ¡‘  ª√‘¡“≥ÕÕ°´‘‡®π≈–≈“¬πÈ”‚¥¬„™â‡§√◊ËÕß«—¥¬’ËÀâÕ
WTW √ÿàπ Oxi 330i/SET §à“§«“¡‡ªìπ°√¥‡ªìπ¥à“ß ‚¥¬
Table 2. Ratio of FM protein : FMFP protein in
experimental diets
Ratio of FM protein :
FMFP protein in experimental diets
Diet 1 100 : 0
Diet 2 75 : 25
Diet 3 50 : 50
Diet 4 25 : 75
Diet 5 0 : 100
Diet
Table 3. Composition of experimental diets (g/kg diet)
Ingredient Diet1 Diet2 Diet3 Diet4 Diet5
FM 250 187.5 125 62.5 0
FMFP 0 53.7 107.4 161.1 214.8
Soybean meal 360 360 360 360 360
Rice bran 100 100 100 100 100
Rice flour 240 248.8 257.6 266.4 275.2
Mineral premix* 10 10 10 10 10
Vitamin premix** 10 10 10 10 10
Cassava flour 30 30 30 30 30
       Total 1,000 1,000 1,000 1,000 1,000
  * Mineral premix (mg/kg feed) : Cacium 500 mg, Iron 20 mg, Copper 25 mg, Manganese 20 mg, Zinc 20 mg,
Cobalt 10 mg, Phosphorus 400 mg, Selenium 0.3 mg
** Vitamin premix (mg/kg feed) :  Retinol 5,000 IU,  Cholecalciferol 1,000 mg,  Tocopherol 50 IU,  Thiamine (B1)
10 mg, Riboflavin (B2)  5 mg, Pyridoxine (B6)  30 mg, Cyanocobalamin (B12)   0.1 mg, Folic acid 1 mg,
Choline Chloride 250 mg, Menadione 20 mg, Pantothenic acid 20 mg, Nicotinic acid 15 mg, Inositol 20 mg,
Ascorbic acid 500 mg«.  ß¢≈“π§√‘π∑√å «∑∑.
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„™â‡§√◊ËÕß«—¥¬’ËÀâÕ HACH √ÿàπ Sension3 ·≈–·Õ¡‚¡‡π’¬
µ“¡«‘∏’°“√¢Õß Boyd ·≈– Tucker (1992)
º≈°“√∑¥≈Õß
1. §«“¡º‘¥ª°µ‘·≈–æƒµ‘°√√¡¢Õßª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√
 Ÿµ√µà“ßÊ
ª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√∑ÿ° Ÿµ√ ‰¡à· ¥ßÕ“°“√º‘¥ª°µ‘
¢Õß≈—°…≥–¿“¬πÕ° Õ¬à“ß‰√°Áµ“¡ª≈“∑ÿ°µŸâ· ¥ßæƒµ‘°√√¡
°â“«√â“« ¡’°“√°—¥°—π‡Õß ‡°‘¥∫“¥·º≈·≈–µ“¬ ®÷ß àßº≈„Àâ
Õ—µ√“√Õ¥µ“¬‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß  ¡’§à“„π™à«ß 51.11±
16.78 ∂÷ß 82.22±7.70% (Table 5)
2. °“√‡®√‘≠‡µ‘∫‚µ
   2.1 πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ
ª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√„™â‚ª√µ’π®“°ª≈“ªÉπ∑’Ë
º≈‘µ®“°‡»…ª≈“∑¥·∑π‚ª√µ’π®“°ª≈“ªÉπ„πÕ“À“√ ¡’
·π«‚πâ¡¢ÕßπÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ ¡’§à“≈¥≈ßµ“¡ª√‘¡“≥¢Õß
ª≈“ªÉπ®“°‡»…ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ„πÕ“À“√  ‚¥¬ª≈“∑’Ë‰¥â√—∫
Õ“À“√ Ÿµ√∑’Ë 5  ¡’πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷ÈπµË” ÿ¥  ·≈–¡’§«“¡
·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠ (p<0.05) °—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√
 Ÿµ√∑’Ë 1 ·≈– 6 ´÷Ëß‡ªìπÕ“À“√ Ÿµ√§«∫§ÿ¡ ·µà‰¡à·µ°µà“ß
∑“ß ∂‘µ‘°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 3 ·≈– 4 Õ¬à“ß‰√°Áµ“¡
ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 2 ·≈– 4  ¡’πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ
‰¡à·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠ (p>0.05) °—∫Õ“À“√ Ÿµ√∑’Ë 4
·≈– 6  (Table 5)
   2.2 Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–
‡™àπ‡¥’¬«°—∫§à“πÈ”Àπ—°ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ  Õ—µ√“°“√
‡®√‘≠‡µ‘∫‚µ®”‡æ“–¢Õßª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√„™â
‚ª√µ’π®“°ª≈“ªÉπ∑’Ëº≈‘µ®“°‡»…ª≈“∑¥·∑π‚ª√µ’π®“°
ª≈“ªÉπ„πÕ“À“√  ¡’·π«‚πâ¡¢Õß§à“Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ
®”‡æ“–≈¥≈ßµ“¡ª√‘¡“≥¢Õßª≈“ªÉπ®“°‡»…ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ
‚¥¬Õ“À“√ Ÿµ√∑’Ë 5 ¡’πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷ÈπµË” ÿ¥ ·≈–¡’§«“¡
·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠ (p<0.05) °—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√
Table 4. Proximate analysis of experimantal diets (% dry matter basis)1
 Diet Dry matter Protein Lipid Ash Fiber
Diet 1 97.47+0.14 31.88+0.32 10.03+0.01 9.98+0.01 7.15+0.47
Diet 2 97.43+0.14 31.12+1.41 9.64+0.58 8.83+0.05 6.79+0.38
Diet 3 98.24+0.04 33.04+0.15 9.82+0.22 7.42+0.02 7.84+0.96
Diet 4 97.22+0.03 33.32+0.13 10.29+0.27 6.37+0.02 6.73+0.13
Diet 5 97.31+0.06 34.63+0.74 10.44+0.06 5.15+0.05 7.63+0.12
Diet 6 91.87+0.05 47.63+0.36 6.61+0.03 13.13+0.06 9.54+1.33
1Mean+standard deviation of three replications
Table 5. Initial weight, final weight, weight gain, specific growth rate and survival rate of
Nile tilapia fed the experimental diets
Diet Initial weight (g) Final weight (g) Weight gain (g) Specific growth rate (%/day) Survival rate (%)
Diet 1 1.11+0.02a 25.12+4.11d 21.73+3.95bc 5.02+0.29c 68.89+21.43ab
Diet 2 1.06+0.06a 22.30+1.38bcd 20.15+2.15bc 4.92+0.16bc 77.78+3.85ab
Diet 3 1.07+0.03a 18.62+1.57ab 16.41+1.20ab 4.61+0.11b 82.22+7.70b
Diet 4 1.07+0.06a 19.59+1.40bc 17.36+2.20abc 4.69+0.20bc 51.11+16.78a
Diet 5 1.04+0.02a 13.54+0.47a 12.11+0.16a 4.15+0.02a 53.33+9.43a
Diet 6 1.05+0.02a 24.54+4.15cd 22.43+3.76c 5.07+0.27c 71.11+10.18ab
1Mean+standard deviation of three replications
Means within each column not sharing a common superscript are significantly different (p<0.05)Songklanakarin J. Sci. Technol.
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 Ÿµ√Õ◊Ëπ∑ÿ°Ê  Ÿµ√  ”À√—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 2 ·≈–
4  ¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–‰¡à·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠
(p>0.05) °—∫Õ“À“√ Ÿµ√∑’Ë 1 ·≈– 6 (Table 5)
3. ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√¢Õßª≈“
®“°¢âÕ¡Ÿ≈„π Table 6 æ∫«à“ Õ—µ√“·≈°‡π◊ÈÕ (Feed
conversion ratio)  ¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√ 5 ¡’§à“
 Ÿß ÿ¥ §◊Õ 2.32±0.64 ·≈–¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠
(p<0.05) °—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√Õ◊ËπÊ ∑—Èßπ’È ª≈“∑’Ë‰¥â
√—∫Õ“À“√ Ÿµ√∑’Ë 1-4 ·≈– 6 ¡’§à“Õ—µ√“·≈°‡π◊ÈÕ‰¡à·µ°µà“ß
∑“ß ∂‘µ‘ (p>0.05)  ‚¥¬¡’§à“Õ¬Ÿà„π™à«ß 1.24+0.06 ∂÷ß
1.69+0.27 „π¢≥–∑’Ëª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π„πÕ“À“√
¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√µà“ßÊ ¡’§«“¡·µ°µà“ß°—π ‚¥¬
·∫àß‰¥â 3 °≈ÿà¡ §◊Õ °≈ÿà¡·√° §◊Õ ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 2
·≈– 3  ¡’§à“ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π¥’∑’Ë ÿ¥ ·≈–¡’§«“¡
·µ°µà“ß∑“ß ∂‘µ‘ (p<0.05)  °—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë
4, 5 ·≈– 6 ·µà‰¡à¡’§«“¡·µ°µà“ß°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√
∑’Ë 1 (p>0.05)   ”À√—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 5 ¡’§à“
ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’πµË” ÿ¥ ·≈–¡’§«“¡·µ°µà“ßÕ¬à“ß
¡’π—¬ ”§—≠°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√Õ◊ËπÊ ∑ÿ° Ÿµ√ (p<0.05)
®“°°“√§”π«≥√“§“µâπ∑ÿπ§à“«—µ∂ÿ¥‘∫Õ“À“√·≈–
µâπ∑ÿπ°“√º≈‘µª≈“∑’Ë„™âÕ“À“√ Ÿµ√µà“ßÊ „π°“√‡≈’È¬ß æ∫«à“
√“§“Õ“À“√≈¥≈ßµ“¡ª√‘¡“≥°“√„™âª≈“ªÉπ®“°‡»…ª≈“∑’Ë
‡æ‘Ë¡¢÷Èπ  ‚¥¬Õ“À“√ Ÿµ√∑’Ë 5  ´÷Ëß„™âª≈“ªÉπ®“°‡»…ª≈“
∑¥·∑πª≈“ªÉπ ‚√ßß“π∑—ÈßÀ¡¥„πÕ“À“√¡’√“§“§à“Õ“À“√
µË” ÿ¥  ·µàÕ¬à“ß‰√°Áµ“¡‡¡◊ËÕæ‘®“√≥“µâπ∑ÿπ°“√º≈‘µª≈“
¥â«¬Õ“À“√ Ÿµ√∑’Ë 5 æ∫«à“ ¡’§à“ Ÿß ÿ¥  „π¢≥–∑’Ëµâπ∑ÿπ°“√
‡≈’È¬ßª≈“¥â«¬Õ“À“√ Ÿµ√∑’Ë 2 ·≈– 3  ¡’§à“µË”°«à“Õ¬à“ß¡’
π—¬ ”§—≠ (p<0.05)  ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√‡≈’È¬ß¥â«¬
Õ“À“√ Ÿµ√ 1 ·≈– 6 (Table 7) Õ¬à“ß‰√°Áµ“¡ Õ—µ√“√Õ¥
¢Õßª≈“®–¡’º≈µàÕµâπ∑ÿπ°“√º≈‘µ¡“°°«à“µâπ∑ÿπ§à“Õ“À“√
4. §ÿ≥¿“æπÈ”
®“°¢âÕ¡Ÿ≈§ÿ≥¿“æπÈ”‡©≈’Ë¬µ≈Õ¥°“√∑¥≈Õßæ∫«à“
Õÿ≥À¿Ÿ¡‘¡’§à“„π™à«ß 25.20+0.00-25.83+0.61 
oC §«“¡
‡ªìπ°√¥‡ªìπ¥à“ß (pH) ¡’§à“ 6.30+0.17-6.74+0.17
ÕÕ°´‘‡®π≈–≈“¬πÈ”¡’§à“„°≈â‡§’¬ß°—π„π·µà≈–µŸâ §◊Õ 7.90+
0.08-8.07+0.05 ¡°./≈‘µ√   ”À√—∫ª√‘¡“≥·Õ¡‚¡‡π’¬„π
µŸâª≈“¡’§à“„π™à«ß 0.17+0.06-0.25+0.12 ¡°./≈‘µ√ ‚¥¬¡’
§à“ Ÿß ÿ¥„πµŸâ∑’Ëª≈“‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 6   Õ¬à“ß‰√°Áµ“¡
§ÿ≥¿“æπÈ”µ≈Õ¥°“√∑¥≈Õß¡’§«“¡‡À¡“– ¡µàÕ¥”√ß™’«‘µ
¢Õßª≈“ («‘√—™, 2544)
«‘®“√≥åº≈°“√»÷°…“
®ŸÕ–¥’·≈–¡–≈‘ (2539) √“¬ß“π«à“ ª≈“ªÉπ∑’Ëº≈‘µ
®“° à«π‡À≈◊Õ¢ÕßÕÿµ “À°√√¡·ª√√Ÿª —µ«åπÈ”¡’§à“‚ª√µ’π
·≈–‡∂â“ 52-58% ·≈– 20-30% ¢ÕßπÈ”Àπ—°Õ“À“√µ“¡
≈”¥—∫ ´÷Ëß¡’§à“„°≈â‡§’¬ß°—∫√“¬ß“π¢Õß Hardy (1995) ∑’Ë
Table 6. Feed conversion ratio and protein effi-
ciency ratio of Nile tilapia fed the experi-
mental diets
 Diet Feed conversion  Protein efficiency
ratio ratio
Diet 1 1.49+0.13a 2.12+0.20cd
Diet 2 1.32+0.07a 2.45+0.15d
Diet 3 1.24+0.06a 2.45+0.12d
Diet 4 1.69+0.27a 1.80+0.26bc
Diet 5 2.32+0.64b 1.26+0.35a
Diet 6 1.25+0.03a 1.68+0.03b
1Mean+standard deviation of three replications
Means within each column not sharing a common super-
    script are significantly different (p<0.05)
Table 7. Feed cost and fish production cost
Diet Feed cost Fish production cost
(Baht/kg)* (Baht/kg fish)**
Diet 1 22.73 31.51+2.86bcd
Diet 2 21.56 26.65+1.66ab
Diet 3 20.40 23.44+0.92a
Diet 4 19.24 28.70+3.13abc
Diet 5 18.08 35.74+8.83d
Diet 6 30.00*** 35.16+0.50cd
    * sum of ingredient cost as per kilogram of diets
  ** calculation of total feed intake (kg) x feed cost (baht)/
       total fish production (kg)
*** marketable price«.  ß¢≈“π§√‘π∑√å «∑∑.
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°“√„™â‡»…ª≈“®“°°“√·ª√√Ÿª‡ªìπÕ“À“√ª≈“π‘≈
πæ«√√≥ ©‘È¡ —ß¢å ·≈– §≥–
√“¬ß“π«à“ ¡’√–¥—∫‚ª√µ’π 55-60% ¢ÕßπÈ”Àπ—°Õ“À“√
·≈–‡∂â“ 18-24% ¢ÕßπÈ”Àπ—°Õ“À“√ º≈°“√»÷°…“§ÿ≥¿“æ
¢Õßª≈“ªÉπ®“°‡»…‡π◊ÈÕª≈“∑Ÿπà“∑’Ë‰¥â®“°‚√ßß“π·ª√√Ÿª
Õ“À“√°√–ªÜÕß„π§√—Èßπ’È¡’§à“ Ÿß°«à“º≈°“√»÷°…“¢Õßπ—°«‘®—¬
∑’Ë‰¥â°≈à“«∂÷ß¢â“ßµâπ    ∑—Èßπ’È‡π◊ËÕß®“°°àÕππ”¡“„™âº ¡„π
Õ“À“√‰¥â√àÕπ«—µ∂ÿ¥‘∫‡æ◊ËÕ·¬°°√–¥Ÿ°·≈–°â“ß¢Õßª≈“ÕÕ°
®÷ß àßº≈„Àâ¡’√–¥—∫‚ª√µ’π·≈–‡∂â“ 78.05% ·≈– 6.53%
¢ÕßπÈ”Àπ—° µ“¡≈”¥—∫ „π¢≥–∑’Ëª≈“ªÉπ∑’Ëº≈‘µ®“°‚√ßß“π
¡’√–¥—∫‚ª√µ’πµË”°«à“·≈–‡∂â“ Ÿß°«à“   ‚¥¬¡’§à“ 60.39%
·≈– 6.28% ¢ÕßπÈ”Àπ—°µ“¡≈”¥—∫ Õ¬à“ß‰√°Áµ“¡®“°°“√
„™âª≈“ªÉπ®“°‡»…‡π◊ÈÕª≈“∑Ÿπà“∑¥·∑πª≈“ªÉπ®“°‚√ßß“π
„πÕ“À“√ª≈“π‘≈   æ∫«à“  ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√∑¥·∑π
‚ª√µ’π®“°ª≈“ªÉπ‚√ßß“π 75% ¢Õß‚ª√µ’π®“°ª≈“ªÉπ
À√◊Õ 16.11%  ¢ÕßπÈ”Àπ—°Õ“À“√  ®–¡’°“√‡®√‘≠‡µ‘∫‚µ
·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√‰¡à·µ°µà“ß°—∫ª≈“∑’Ë‰¥â√—∫
ª≈“ªÉπ®“°‚√ßß“π‡æ’¬ßÕ¬à“ß‡¥’¬«  ·µà‡¡◊ËÕª√‘¡“≥¢Õß
ª≈“ªÉπ®“°‡»…ª≈“ Ÿß¢÷Èπ  ¡’·π«‚πâ¡«à“°“√‡®√‘≠‡µ‘∫‚µ
·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√¢Õßª≈“®–≈¥≈ß‡√◊ËÕ¬Ê ·≈–
¡’§à“µË” ÿ¥„πª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë„™âª≈“ªÉπ®“°‡»…ª≈“
∑¥·∑πª≈“ªÉπ®“°‚√ßß“π∑—ÈßÀ¡¥ ‚¥¬Õ“À“√ Ÿµ√π’È®–¡’
Õ—µ√“°“√·≈°‡π◊ÈÕ (FCR)  Ÿß ÿ¥ „π¢≥–∑’Ë§à“ª√– ‘∑∏‘¿“æ
°“√„™â‚ª√µ’π (PER) µË” ÿ¥· ¥ß„Àâ‡ÀÁπ«à“ §ÿ≥¿“æ¢Õß
‚ª√µ’π®“°‡»…‡π◊ÈÕª≈“∑Ÿπà“µË”°«à“ª≈“ªÉπ®“°‚√ßß“π ‚¥¬
„π°√–∫«π°“√º≈‘µª≈“∑Ÿπà“°√–ªÜÕßπ—Èπ®–π”ª≈“∑Ÿπà“∑’Ë
‡ªìπ«—µ∂ÿ¥‘∫µ—¥À—« §«—°‰ â ·≈–π÷Ëß‡æ◊ËÕ„Àâ ÿ° ®“°π—Èπµ—¥·µàß
·≈–·¬°°â“ß  ·≈â«®÷ß‰¥â‡»…‡π◊ÈÕª≈“∑Ÿπà“´÷Ëß‡ªìπ¢Õß‡À≈◊Õ
®“°°√–∫«π°“√º≈‘µ  ·≈–‡π◊ËÕß®“°‡π◊ÈÕª≈“‡À≈à“π’È‡ªìπ
‡»…‡À≈◊Õ∑‘Èß®“°°“√·ª√√Ÿª ¥—ßπ—Èπ à«π„À≠à‚√ßß“πºŸâº≈‘µ
®–‰¡à‡°Á∫√—°…“∑’ËÀâÕß‡¬Áπ·µà®–‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ª°µ‘‡æ◊ËÕ√Õ
 àß„Àâ‚√ßß“πº≈‘µª≈“ªÉπÀ√◊Õº≈‘µÕ“À“√ —µ«å√—∫´◊ÈÕ‰ª
·ª√√ŸªµàÕ     àßº≈„Àâ‡°‘¥°“√‡ ◊ËÕ¡ ¿“æ¢Õß‚ª√µ’π‚¥¬
°“√¬àÕ¬¥â«¬®ÿ≈‘π∑√’¬å∑’Ë¡’°“√ªπ‡ªóôÕπ  ∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π
·ª≈ß®“°ªØ‘°‘√‘¬“¢ÕßπÈ”¬àÕ¬µà“ßÊ  ®“°‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë
ª–ªπ„π«—µ∂ÿ¥‘∫  ‡¡◊ËÕª≈“‡ ◊ËÕ¡ ≈“¬ª√‘¡“≥ “√√–‡À¬
‰π‚µ√‡®π (total volatile nitrogen) „πª≈“®–‡æ‘Ë¡¢÷Èπ
‡¡◊ËÕ°“√‡ ◊ËÕ¡ ≈“¬¡“°¢÷Èπ (®ŸÕ–¥’·≈–¡–≈‘, 2539; Hardy,
1995) ¥—ßπ—Èπ∂÷ß·¡â«à“√–¥—∫‚ª√µ’π„πª≈“ªÉπ®“°‡»…ª≈“
∑Ÿπà“®– Ÿß·µà§ÿ≥¿“æ¢Õß‚ª√µ’πµË” ®÷ß àßº≈„Àâª≈“∑’Ë‰¥â√—∫
Õ“À“√∑’Ë¡’°“√„™âª≈“ªÉπ®“°‡»…ª≈“¡’°“√‡®√‘≠‡µ‘∫‚µ·≈–
ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√µË”°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë„™â
ª≈“ªÉπ®“°‚√ßß“π´÷Ëßº≈‘µ®“°«—µ∂ÿ¥‘∫∑’Ë¡’§ÿ≥¿“æ¥’°«à“
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈°“√»÷°…“§√—Èßπ’È°—∫º≈°“√»÷°…“¢Õß
Li ·≈–§≥– (2004)  „™âÀ—«ª≈“·´≈¡Õπ·¥ß  (red
salmon)   ´÷Ëß‡ªìπ¢Õß‡À≈◊Õ®“°°“√·ª√√Ÿªπ”¡“Õ∫·Àâß
·≈–∫¥≈–‡Õ’¬¥‡ªìπ·À≈àß‚ª√µ’π„πÕ“À“√¢Õßª≈“®«¥ (red
drum, Sciaenops ocellatus) √à«¡°—∫ª≈“ªÉπ§ÿ≥¿“æ¥’
‰¥â∂÷ß 25%  ¢ÕßπÈ”Àπ—°Õ“À“√  „π¢≥–∑’Ë‡»…ª≈“∑Ÿπà“
 “¡“√∂„™â„πÕ“À“√ª≈“π‘≈‰¥â‰¡à‡°‘π 16.11% ¢ÕßπÈ”Àπ—°
Õ“À“√ À√◊Õ 75% ¢Õß‚ª√µ’π®“°ª≈“ªÉπ‚√ßß“π
°“√„™âº≈æ≈Õ¬‰¥â®“°°“√·ª√√Ÿªª≈“‡ªìπ·À≈àß
‚ª√µ’π„πÕ“À“√ —µ«åπÈ”π—Èπ  ¡’ªí®®—¬®”°—¥À≈“¬ªí®®—¬¥â«¬°—π
‡™àπ Õß§åª√–°Õ∫·≈–§«“¡ ¡¥ÿ≈¢Õß°√¥Õ–¡‘‚π ¡’√“¬ß“π
«à“À—«ª≈“·´≈¡Õπ·¥ßÕ∫·Àâß∫¥≈–‡Õ’¬¥®–¡’°√¥Õ–¡‘‚π
®”‡ªìπ∫“ßµ—« ‰¥â·°à °√¥Õ–¡‘‚π‰≈´’π·≈–‡¡∑‰∏‚Õπ’π„π
ª√‘¡“≥∑’ËµË”°«à“ª≈“ªÉπ§ÿ≥¿“æ¥’ ·≈–ª≈“¡’ª√– ‘∑∏‘¿“æ
°“√¬àÕ¬‚ª√µ’πµË”°«à“ª≈“ªÉπ§ÿ≥¿“æ¥’¥â«¬‡™àπ‡¥’¬«°—π
(Li ·≈–§≥–, 2004) πÕ°®“°π’È°“√‡°Á∫√—°…“º≈æ≈Õ¬
‰¥â®“°°“√·ª√√Ÿª‰¡à¥’ àßº≈µàÕ§ÿ≥¿“æ    ∑”„Àâ‡°‘¥°“√
‡ ◊ËÕ¡ ¿“æ¢Õß«—µ∂ÿ¥‘∫·≈–ª√‘¡“≥ “√√–‡À¬‰π‚µ√‡®π
(total volatile nitrogen) ∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“°“√¬àÕ¬ ≈“¬
¢Õß®ÿ≈‘π∑√’¬å®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ°“√‡ ◊ËÕ¡ ≈“¬¡“°¢÷Èπ  (®ŸÕ–¥’
·≈–¡–≈‘, 2539) ¥—ßπ—Èπ®÷ß‰¡à “¡“√∂„™â∑¥·∑πª≈“ªÉπ´÷Ëß
‡ªìπ«—µ∂ÿ¥‘∫∑’Ë¡’√“§“·æß„πÕ“À“√ —µ«åπÈ”‰¥â„π∑—ÈßÀ¡¥ ·µà
Õ¬à“ß‰√°Áµ“¡«—µ∂ÿ¥‘∫‡À≈à“π’È¡’√“§“∂Ÿ°À“°π”¡“ª√—∫ª√ÿß
§ÿ≥¿“æ ‡™àπ °“√„™â√à«¡°—∫«—µ∂ÿ¥‘∫™π‘¥Õ◊Ëπ‡æ◊ËÕª√—∫§«“¡
 ¡¥ÿ≈¢Õß°√¥Õ–¡‘‚π„πÕ“À“√  πà“®–™à«¬„Àâ‡æ‘Ë¡ª√‘¡“≥
°“√„™âº≈æ≈Õ¬‰¥â®“°‚√ßß“π·ª√√ŸªÕ“À“√‡ªìπ«—µ∂ÿ¥‘∫„π
Õ“À“√ —µ«åπÈ”‰¥â¡“°¢÷Èπ ´÷Ëß‡ªìπ·π«∑“ß„π°“√»÷°…“µàÕ‰ª
Õ’°∑—Èß§«√»÷°…“‡æ‘Ë¡‡µ‘¡‡°’Ë¬«°—∫ª√– ‘∑∏‘¿“æ°“√¬àÕ¬ “√
Õ“À“√∑’Ë¡’°“√„™â«—µ∂ÿ¥‘∫∑’Ë‡ªìπº≈æ≈Õ¬‰¥â‡À≈à“π’È‡æ◊ËÕ‡ªìπ
¢âÕ¡Ÿ≈¬◊π¬—π°“√„™âª√–‚¬™πå‰¥â¢Õß “√Õ“À“√„π«—µ∂ÿ¥‘∫
‚¥¬ —µ«åπÈ”
„π à«π¢Õß‡°…µ√°√∑’Ëπ‘¬¡„™âÕ“À“√‚ª√µ’π Ÿß ‡™àπ
Õ“À“√ ”‡√Á®√Ÿª ”À√—∫°∫À√◊ÕÕ“À“√ ”‡√Á®√Ÿª ”À√—∫ª≈“
¥ÿ°„π°“√‡≈’È¬ßª≈“π‘≈‡π◊ËÕß®“°‡Àµÿº≈∑’Ëæ∫«à“  ‡¡◊ËÕ„Àâ
Õ“À“√‡À≈à“π’Èª≈“π‘≈®–‡®√‘≠‡µ‘∫‚µ‰¥â‡√Á«°«à“°“√„™âÕ“À“√Songklanakarin J. Sci. Technol.
Vol. 27 (Suppl. 1), 2005 : Aquatic Science 148
Use of fish processing waste in diet for Nile tilapia
Chimsung, N., et al.
ª≈“π‘≈π—Èπ    º≈®“°°“√∑¥≈Õß§√—Èßπ’È´÷Ëß„™âÕ“À“√°∫¡“
‡≈’È¬ß‡ª√’¬∫‡∑’¬∫°—∫Õ“À“√∑¥≈Õß´÷Ëß¡’√–¥—∫‚ª√µ’π‰¡à‡°‘π
35% ¢ÕßπÈ”Àπ—°Õ“À“√·Àâß  „π¢≥–∑’Ë√–¥—∫‚ª√µ’π„π
Õ“À“√°∫ ¡’§à“ 47% ¢ÕßπÈ”Àπ—°Õ“À“√·Àâß  ´÷Ëß®“°
º≈°“√»÷°…“„π§√—Èßπ’Èæ∫«à“ ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1 ´÷Ëß
¡’ª≈“ªÉπ§ÿ≥¿“æ¥’®“°‚√ßß“π·≈– Ÿµ√ 2 ·≈– 4 ´÷Ëß¡’‡»…
ª≈“∑Ÿπà“∑¥·∑π‚ª√µ’π®“°ª≈“ªÉπ 25% ·≈– 75% π—Èπ
¡’°“√‡®√‘≠‡µ‘∫‚µ‰¡à·µ°µà“ß°—∫ª≈“∑’Ë‰¥â°‘πÕ“À“√°∫ ·µà
ª≈“∑’Ë°‘πÕ“À“√°∫®–¡’ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’πµË” ·≈–
¡’°“√¢—∫·Õ¡‚¡‡π’¬ÕÕ°¡“„ππÈ” Ÿß°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√
 Ÿµ√Õ◊Ëπ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“ °“√„™âª√–‚¬™πå‚ª√µ’π„πÕ“À“√
¡’§à“µË”°«à“  √«¡∑—Èßµâπ∑ÿπ„π°“√º≈‘µª≈“µàÕ°‘‚≈°√—¡π—Èπ
¬—ß¡’§à“ Ÿß∑’Ë ÿ¥Õ’°¥â«¬ ¥—ßπ—ÈπÕ“À“√ ”‡√Á®√Ÿª ”À√—∫°∫®÷ß
‰¡à‡À¡“– ”À√—∫„™â‡≈’È¬ßª≈“π‘≈
 √ÿªº≈°“√»÷°…“
1.   “¡“√∂„™âª≈“ªÉπ∑’Ëº≈‘µ®“°‡»…‡π◊ÈÕª≈“∑Ÿπà“
´÷Ëß‡ªìπº≈æ≈Õ¬‰¥â®“°°“√·ª√√ŸªÕ“À“√°√–ªÜÕß∑¥·∑π
ª≈“ªÉπ§ÿ≥¿“æ¥’®“°‚√ßß“π„π√–¥—∫‰¡à‡°‘π 16% ¢Õß
πÈ”Àπ—°Õ“À“√À√◊Õ 75%  ¢Õß‚ª√µ’π®“°ª≈“ªÉπ  ·≈–
 “¡“√∂≈¥µâπ∑ÿπ§à“«—µ∂ÿ¥‘∫Õ“À“√≈ß‰¥âª√–¡“≥ 3.49
∫“∑/°°. ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫Õ“À“√∑’Ë„™âª≈“ªÉπ®“°‚√ßß“π
‡ªìπ·À≈àß‚ª√µ’π À√◊Õ 10.76 ∫“∑/°°. ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
°—∫Õ“À“√ ”‡√Á®√Ÿª ”À√—∫°∫  ‚¥¬„Àâº≈°“√‡®√‘≠‡µ‘∫‚µ
·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√‰¡à·µ°µà“ß°—π
2. °“√‡æ‘Ë¡ª√‘¡“≥ª≈“ªÉπ∑’Ëº≈‘µ®“°‡»…‡π◊ÈÕª≈“
∑Ÿπà“„πª√‘¡“≥∑’Ë Ÿß°«à“ 75% ¢Õß‚ª√µ’π®“°ª≈“ªÉπ ®–
 àßº≈„Àâª≈“π‘≈¡’°“√‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ°“√„™â
Õ“À“√µË”
¢âÕ‡ πÕ·π–
1. ‡π◊ËÕß®“°°“√∑¥≈Õß„π§√—Èßπ’È ¡’°“√‡µ√’¬¡‡»…
ª≈“‚¥¬π”¡“Õ∫·Àâß¥â«¬‡§√◊ËÕßÕ∫·Àâß (tray dry) ´÷Ëß
‡°…µ√°√ “¡“√∂π”‰ªª√–¬ÿ°µå„™â‚¥¬π”«—µ∂ÿ¥‘∫º ¡ ¥
‚¥¬‡ª√’¬∫‡∑’¬∫°—∫§à“§«“¡™◊Èπ∑’Ë¡’Õ¬Ÿà„π‡»…ª≈“°Á®–∑√“∫
«à“„™â‡»…ª≈“®”π«π‡∑à“‰√‡¡◊ËÕ‡∑’¬∫ª√‘¡“≥‡»…ª≈“∑’Ë
·π–π”„Àâ„™â„πÕ“À“√´÷Ëß‡∑’¬∫µàÕπÈ”Àπ—°·Àâß
2. ∂÷ß·¡â«à“√“§“Õ“À“√„π Ÿµ√∑’Ë„™âª≈“ªÉπ®“°‡»…
ª≈“®–≈¥µâπ∑ÿπ‰¥â‰¡à¡“°·µà “¡“√∂π”¢Õß‡À≈◊Õ„™â®“°
°“√·ª√√Ÿª¡“„™âª√–‚¬™πå ´÷Ëß “¡“√∂≈¥µâπ∑ÿπ§à“Õ“À“√
‰¥â‚¥¬„™â«—µ∂ÿ¥‘∫™π‘¥Õ◊Ëπ√à«¡¥â«¬  ‡™àπ  „™â¡—π‡ âπ  À√◊Õ
ª≈“¬¢â“«∫¥≈–‡Õ’¬¥·∑π·ªÑß¢â“«‡®â“ À√◊Õ°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡·∑π°“°∂—Ë«‡À≈◊Õß À√◊Õ≈¥ª√‘¡“≥«‘µ“¡‘π·≈–·√à∏“µÿ
√«¡´÷Ëß¡’√“§“·æß≈ß ‡æ√“–‡¡◊ËÕ‡≈’È¬ßª≈“π‘≈„π∫àÕ¥‘π®–¡’
Õ“À“√∏√√¡™“µ‘´÷Ëß¡’«‘µ“¡‘π·≈–·√à∏“µÿµà“ßÊ Õ¬Ÿà·≈â« ¥—ßπ—Èπ
®÷ßÕ“®‰¡à¡’§«“¡®”‡ªìπ∑’Ë®–µâÕß‡ √‘¡«‘µ“¡‘π·≈–·√à∏“µÿ≈ß
‰ª„πÕ“À“√°Á‰¥â
°‘µµ‘°√√¡ª√–°“»
ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥‚√ßß“π«‘«Õπ  Õ‘π‡µÕ√å‡∑√¥¥‘Èß
®”°—¥ Õ”‡¿Õ‡¡◊Õß ®—ßÀ«—¥ ÿ√“…Æ√å∏“π’  ‚√ßß“π«—≤π“
ª≈“ªÉπ¢πÕ¡ Õ”‡¿Õ¢πÕ¡ ®—ßÀ«—¥π§√»√’∏√√¡√“™ ∑’Ë
Õπÿ‡§√“–Àå«—µ∂ÿ¥‘∫„π°“√∑¥≈Õß º».¥√.Õπÿ™‘µ ™‘π“®√‘¬«ß»å
∑’Ë„Àâ§”·π–π”¥â“π°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘  ·≈–»Ÿπ¬å
‡§√◊ËÕß¡◊Õ«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬«≈—¬≈—°…≥å∑’Ë π—∫ πÿπ
ß“π«‘®—¬§√—Èßπ’È
‡Õ° “√Õâ“ßÕ‘ß
®ÿ±“¡“» π√™“≠  ª√–∑—°…å µ“∫∑‘æ¬å«√√≥  Õ√æ‘π∑å ®‘πµ-
 ∂“æ√ ·≈–  àß»√’ ¡À“ «— ¥‘Ï. 2545. °“√„™â‡π◊ÈÕÀÕ¬
‡™Õ√’Ë∫¥·Àâß∑¥·∑πª≈“ªÉπ„πÕ“À“√ª≈“π‘≈. „π ‡√◊ËÕß
‡µÁ¡°“√ª√–™ÿ¡∑“ß«‘™“°“√§√—Èß∑’Ë 40  ¡À“«‘∑¬“≈—¬
‡°…µ√»“ µ√å, °√ÿß‡∑æ¡À“π§√, 4-7 °ÿ¡¿“æ—π∏å 2545:
650-657.
®ŸÕ–¥’ æß»å¡≥’√—µπå ·≈– ¡–≈‘ ∫ÿ≥¬√—µº≈‘π. 2539. »÷°…“°“√
®—∫°“√‡°Á∫√—°…“ª≈“‡ªì¥  ·≈–¢∫«π°“√º≈‘µª≈“ªÉπ
‡Õ° “√«‘™“°“√©∫—∫∑’Ë 15/2539   ß¢≈“:  ∂“∫—π«‘®—¬
°“√‡æ“–‡≈’È¬ß —µ«åπÈ”™“¬Ωíòß °√¡ª√–¡ß
∏√“æ—π∏å  «—≤π–¡À“µ¡å. 2540.  °“√„™â¥—°·¥â‰À¡∑¥·∑π
ª≈“ªÉπ„πÕ“À“√ª≈“π‘≈. ‡Õ° “√«‘™“°“√©∫—∫∑’Ë 22/
2540 : °√ÿß‡∑æ¡À“π§√: °Õßª√–¡ßπÈ”®◊¥. °√¡ª√–¡ß
π‘√ÿ∑∏‘Ï   ÿ¢‡°…¡. 2544.  º≈¢Õß√–¥—∫°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡
πÈ”¡—πµàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“π‘≈ (Oreochromis
niloticus Linn.). «‘∑¬“π‘æπ∏å«‘∑¬“»“ µ√¡À“∫—≥±‘µ
¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å.«.  ß¢≈“π§√‘π∑√å «∑∑.
ªï∑’Ë 27 (©∫—∫æ‘‡»… 1) 2548 : «“√‘™»“ µ√å 149
°“√„™â‡»…ª≈“®“°°“√·ª√√Ÿª‡ªìπÕ“À“√ª≈“π‘≈
πæ«√√≥ ©‘È¡ —ß¢å ·≈– §≥–
æ√√≥»√’ ®√‘‚¡¿“  ·≈– Õ¿‘√—µπ“ §ÿâ¡‡≥√. 2528. °“√»÷°…“
º≈º≈‘µ¢Õßª≈“π‘≈·¥ß∑’Ë‡≈’È¬ß„π°√–™—ß¥â«¬Õ—µ√“°“√
‡≈’È¬ßµà“ßÊ °—π. ‡Õ° “√«‘™“°“√©∫—∫∑’Ë 44 °√ÿß‡∑æ-
¡À“π§√ :  ∂“∫—πª√–¡ßπÈ”®◊¥·Ààß™“µ‘ °√¡ª√–¡ß.
æ‘π‘®  ’Àåæ‘∑—°…å‡°’¬√µ‘  ∫ÿ≠ àß »√’‡®√‘≠∏√√¡  √—™Æ“¿√≥å
°‘µµ‘«√‡™Ø∞å    ÿ™“µ‘ Õ‘ß∏√√¡®‘µ√  ·≈– ∏π“¿√≥å
®‘µµª“≈æß»å. 2543. °“√‡µ‘∫‚µ ·∫∫®”≈Õßº≈º≈‘µ
º≈°√–∑∫ ‘Ëß·«¥≈âÕ¡  ·≈–‡»√…∞°‘®°“√‡≈’È¬ßª≈“π‘≈
„π°√–™—ß‡™‘ßæ“≥‘™¬å„π¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ¢Õß
‰∑¬. ‡Õ° “√«‘™“°“√©∫—∫∑’Ë 204 °√ÿß‡∑æ¡À“π§√ :
 ∂“∫—πª√–¡ßπÈ”®◊¥·Ààß™“µ‘ °√¡ª√–¡ß.
¡–≈‘ ∫ÿ≥¬√—µº≈‘π ·≈–«‘®‘µ√“ °ÿ≈µ—ß«—≤π“. 2530. °“√„™â°“°
∂—Ë«‡À≈◊Õß·∑πª≈“ªÉπ„πÕ“À“√‡≈’È¬ßª≈“π‘≈·¥ß.
„π√“¬ß“π°“√ —¡¡π“«‘™“°“√ª√–®”ªï 2530 °√¡
ª√–¡ß, °√ÿß‡∑æ¡À“π§√, 15-17 °—π¬“¬π 2530:
286-291
«√√≥“ ™Ÿƒ∑∏‘Ï  ®“√ÿ√—µπå ™‘π“®√‘¬«ß»å  ∑‘æ¬«√√≥ ª√‘æ—≤π“-
ππ∑å   ÿª√“≥’ ¡≥Ÿ√—°…å™‘π“°√  »‘√‘Õÿ¡“ ∫”√ÿß«ß…å
∑«’«‘∑¬å ¿—§«π‘µ¬å ·≈– ‚ ¿“ ™“≠‚ ¿≥. 2543. √“¬ß“π
°“√«‘®—¬ ‡√◊ËÕß °“√‡æ‘Ë¡º≈º≈‘µ¢Õß‚√ßß“π·ª√√ŸªÕ“À“√
∑–‡≈·≈–·π«∑“ß°“√„™âº≈æ≈Õ¬‰¥â‡æ◊ËÕÕÿµ “À°√√¡∑’Ë
§√∫«ß®√. π§√»√’∏√√¡√“™ : ¡À“«‘∑¬“≈—¬«≈—¬≈—°…≥å.
«‘√—™  ®‘Î«·À¬¡. 2544.  §«“¡√Ÿâ‡∫◊ÈÕßµâπ‡°’Ë¬«°—∫§ÿ≥¿“æπÈ”
·≈–°“√«‘‡§√“–Àå§ÿ≥¿“æπÈ”„π∫àÕ‡æ“–‡≈’È¬ß —µ«åπÈ”.
°√ÿß‡∑æ¡À“π§√  :   ”π—°æ‘¡æå·Ààß®ÿÃ“≈ß°√≥å
¡À“«‘∑¬“≈—¬.
«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß  «√√≥™—¬ æ√À¡‡°‘¥  °‘®°“√ »ÿ¿¡“µ¬å
«ÿ≤‘°√≥å ®‘µµ‘«√√≥ ·≈– ¥ÿ ‘µ π“§–™“µ‘. 2547. °“√
·∑π∑’Ëª≈“ªÉπ„πÕ“À“√ª≈“π‘≈·¥ß·ª≈ß‡æ» (Oreo-
chromis niloticus Linn.) ¥â«¬°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡
πÈ”¡—π. «. ß¢≈“π§√‘π∑√å «∑∑. 26(2): 167-179.
AOAC. (Association of Official Analytical Chemists).
1990. Official Methods of Analysis. Washington,
DC : AOAC.
Boyd, C.E. and Tucker, C.S. 1992. Water Quality and
Pond Soid Analyses for Aquaculture. Alabama:
Auburn University.
Espe, M. Sveier, H., Hogoy, I. And Lied, H. 1999.
Nutrient absorption and growth of Atlantic
salmon (Salmo salar) fed fish protein concen-
trate. Aquacult. 174: 119-137.
FAO.1994. FAO. Yearbook : Fishery Statistic Catches
and Handing. Fishery Statistic Bulletin for the
South China Sea Area.
Hardy, R.W. 1995. Current Issues in Salmonid Nutri-
tion In Nutrition and Utilization Technology in
Aquacult.  (eds.  C.E.  Lim  and  D.J.  Sessa)
pp. 26-35. Illinois : AOCS Press.
Hardy, R.W. Shearer, K.D. and Spinelli, J. 1984. The
nutritional properties of co-dried fish silage
in rainbow trout (Salmo gairdneri) dry diets.
Aquacult. 38: 35-44.
Li, P. Wang, X. Hardy, R.W. and Gatlin III, D.M. 2004.
Nutritional value of fisheries by-catch and by-
product meals in the diet of red drum (Sciaenops
ocellatus). Aquacult. 236: 485-496.